Data from Longley (1961) and Burnham (1969) on the cytological position of the break-points in chrornosomal rearrangements in maize were re-expressed in terms of segment lengths and analysed. After correction for the deviation of the distribution of break-points from an equidistribution, it was shown that highly significant excesses and deficits occurred among some but not all segment length classes. It was concluded that the pattern of reassociation shows: (i) that reassociation involves non-homologues whose interstitial segments are of similar length more frequently than expected; (ii) that the two interchange segments involved in a translocation are of similar length more frequently than expected.
INTRODUCTION
AN extensive literature exists on the genetic effects and consequences of exposure to radiation and radiomimetic and radiochemical compounds. The origin of chromosomal aberrations had long been considered to be the consequence of" breakage and reunion" until Revell (1955) proposed an "exchange" hypothesis as an alternative. The distribution of the "breakage" or "exchange" events has been approximately determined in several species, with a" random "distribution being claimed by some workers and a "non-random" distribution favoured by several recent investigators (e.g. Caspersson et al., 1972) . It is important for the present communication to note that most of the studies record observations made one or a few cell generations after exposure to the mutagen and that only limited information is available about the survival of the aberrations so induced.
For at least two species, Drosophila melanogaster and Zea mays, the data are extensive enough to justify analysis (Jancey and Walden, 1972) . The maize data are drawn from more than 1000 translocations and are based on measurements made by Longley (1961) and corrections provided by Burnham (1969) . The data include almost all of the translocations known to have survived, with the exception of Morris's (1 954a, b, 1955) stocks.
The question of selection, during the period from induction (or discovery) until analysis, of certain types of aberrations cannot be assessed other than to point out that: (i) Longley (1961) and others required each aberration to be passed through at least one reproductive cycle before analysis; and (ii) limited data (Lin, 1972) suggest that mitomycin C and hydroxylamine sulfate produce aberration profiles in maize similar to those described in the present paper. The population of aberrations under analysis therefore represents a sample of those compatible with survival.
36/3-A 293
The population was described earlier (Burnham, 1962; Jancey and Walden, 1972) as one in which the break-points were not distributed equally along the chromosome arms of maize. It will be demonstrated in this communication that the pattern of reassociation between arms of nonhomologues differs from an equidistribution to an extent exceeding that attributable to the previous inequality. Inter 
MATERIALS AND METHODS
The null hypothesis was erected that the reassociation between chromosome segments, pooled for long and short arms, was at random, taking into account the correction for the distribution of break-points described earlier (Jancey and Walden, 1972) . Data from Longley (1961) and Burnham (1969) were expressed in micron units as measured at pachynema and on this basis the chromosomes were divided into 5 js divisions. If the pooled data are divided into n frequency classes and iff = the observed break-point frequency per class, then the expected frequency of reassociation R, for the ith row and jth column intersection in the n x n symmetric matrix of reassociation frequencies will be: 11) (1) From this, a test of significance of departures from expectation can readily be obtained using chi square values.
The descriptions of the translocations follow the system of Longley (1961) .
The chromosome segment between the centromere and the break-point is termed the interstitial and that distal to the break-point the interchange segment. Class I in figs. 1, 2 and 3 is always the first-mentioned chromosome of the pedigree, e.g. T8_6b = 8S.76, 6L.79 (S = short arm; L = long arm; for 8S, interstitial segment = O76 of the arm length, interchange segment = 024 of the arm length; for 6L, interstitial segment = 079 of the arm length, interchange segment = 021 of the arm length; in fig. 1 and table 1, interstitial class I contains the segment 8S = 076 and class lithe segment 6L = 0.79).
RESULTS
The frequencies of reassociation are presented in figs. 1, 2 and 3 in the form of deviations from expected values. In fig. 1 the nine histograms correspond to class intervals along the length of the chromosome arms.
Thus, in histogram A, sites occurring between 00 jt and 49 js from the centromere show an excess of 85 reassociations in which the interstitial segment of the non-homologue (class II) was a segment also of 00-4•9 in length. In histogram A it will be seen also that there was a deficit of 30 reassociations in which the relict interstitial segment was 50-99 j. in length.
Subsequent histograms comprising fig. 1 show similar excesses of reassociation where interstitial segment lengths of class II are identical to those of class I, and mainly deficits where they are of different lengths. Interstitial segments of class I show this somewhat less clearly as distances from the centromere increase and the size of deviations decrease. Both features may be attributed to the lower frequency of break-points in regions distant from the centromere plus the fact that arms are of different length. In fig. 2 , the comparisons of interstitial segment classes and interchange segment classes are plotted. In fig. 2 , histogram A, it will be seen that the interstitial segment class 00-49 p. from the centromere shows an excess of reassociations with the longer interchange segment classes, and a deficit with the shorter ones. The distinction is less marked than that seen in histogram A of fig. 1 . This may be attributed to the differing total length of chromosome arms, which, when classified into an interstitial segment class with length 49 p. from the centromere, will give rise to a variety of interchange segment lengths. In fig. 3 a consistent pattern emerges from the comparison of interchange vs interchange segment length: an excess of reassociation has occurred in which the interchange segments are of similar length while there is usually a deficit of reassociation in which the interchange segment lengths were markedly dissimilar. It should be noted that in fig. 3 one is "reading" the arm from the telomere rather than from the centromere, i.e. histogram A demonstrates that there is an excess of reassociations in which the interchange segments are both short. pattern tended to be somewhat less obvious for interstitial segments falling in about the mid-range of chromosome arm lengths. Tables 2 and 3, while  still 
DISCUSSION
The data used in this study are necessarily composed of records of those events which proved to be compatible with survival. There seems to be no a priori reason to suppose that such a filtering would produce the pattern of deviations shown in this study, though such a possibility cannot be wholly discounted.
(i) Ascertainment and spec jfic distributions There have been two large populations of translocations studied in maizc. Morris (l954a, b, 1955, and in Koo, 1959) has shown that of 600 translocations, 18 involved arms of homologous chromosomes, providing a very close approximation of Koo's expectation based on a 36: 1 ratio for non-homologues: homologues for reciprocal translocations. Morris's translocations were induced in dry, dormant seed and analysed in diakinesis. There are no translocations involving homologous chromosomes among the 952 translocations analysed in the present study (Longley, 1961) . Evans (1962) has reviewed the early literature in which there are claims for a random distribution of aberrations and an almost equal number of demonstrations of a non-random distribution. Recent reports establish that the distribution of induced aberrations is a function of the agent, the culture conditions, the phase of the nuclear cycle, the species and the precise cytogenetic composition of the complement. It is also possible that confusion has arisen because there are two kinds of" distribution" about which statements as to randomness may be made. There is (1) the distribution of break-points among chromosome regions and (2) the pattern of reassociation of these break-points; one may be random without the other being so. There is thus no necessary conflict between the claim of Koo (1959, using data from Morris (1 954a, b, 1955) for the random occurrence of translocation in maize and reports of significant deviations from an equidistribution.
Likewise, in Tradescantia, Watanabe (1973) reports that the translocations occurred at random whereas Sax and Mather (1939) and Swanson (1942) have shown that the events are not equally distributed along the chromosome.
(ii) Interstitial and interchange segments Correction for the frequency of reassociation has permitted the demonstration that the pattern of reassociation itself deviates from an equidistribution. It is shown from the analysis above that in maize the most important feature in the siting of reassociation is the distance of the site from the centromere. Interestingly, this conclusion was reached on other grounds by Hinton (1965) from a study of X chromosome aberrations in D. melanogaster and Vicia by Rieger et al. (1973) and can be inferred from Kaufrnann (1946) from his analysis of inversions and translocations in D. melanogaster.
Along the entire length of a chromosome arm an excess of reassociation occurs with non-homologues in which the second break-point produces an interstitial segment of similar length ( fig. 1, table I ). This is exceptionally clear in histograms A and B, fig. I . The identical conclusion is inferred from an examination of fig. 2 in which the short interstitial classes show a deficit of expected reassociation with short interchange segments but an excess with the longer interchange segments. Similarly, the longer interchange segments ( fig. 2, histograms E, F and G) show an excess of reassociation with the short interstitial segments and a deficit with the longer ones.
The pattern is less obvious in fig. 3 , although in general a short interchange segment is more likely to be involved in a translocation with a second short interchange segment than a longer one ( fig. 3 , histograms, A, B and C). A long interchange segment is more likely to be involved with a second long one ( fig. 3 , histograms E, F and G) than a shorter one contrary to the observation (Burnham, 1962) that indicated there was ". . . no strong tendency for species of equal length to be interchanged ".
Of the 51 translocations involving a centromere that were not included in the present analysis, we reported (Jancey and Walden, 1971 ) that 43 of 51 involved two centromeres. This frequency was a highly significant deviation from an equidistribution and is similar to that reported in some other species (e.g. Caspersson et al., 1972) . Longley (1961) , and as summarised in Burnham (1962) , concluded that in maize there appeared to be some preferential involvement of regions of heterochromatin in translocation sites. Evans and Bigger (1961) and several others have reported a similar finding and have proposed that this preferential involvement may be related to other characteristics of heterochromatin, such as association to non-homologous regions or attachment to the nuclear membrane.
Thus, it appears that there are sufficient reports of species (Grant, 1965) and cytogenetic differences (e.g. Kaufmann, 1946; Michaelis and Rieger, 1968; Morad et al., 1973) to discount most generalisations which attempt to comment on specific units of a chromosome. Nevertheless, the question remains as to whether or not there exists a pattern or organisation of a nucleus which may, once understood, reveal an explanation for seemingly contradictory observations.
(iii) Spatial arrangement of the nucleus Independent observations from a number of laboratories, based on a variety of technologies and species, continue to point to the view that at all times in the nuclear cycle there is a multi-dimensional organisation of the nucleus. Radiobiologists have considered the possible influence of spatial arrangement (Wolff et a!., 1958) on the occurrence (frequency and type) of aberration. Sax (1940) was particularly forthright: ". . . an analysis of the loci of breaks involved in fusions between different chromosomes or chromosome arms should indicate the arrangement and relations of the chromosomes at various phases in the nuclear cycle ". It would seem now that the independent observations by the early cytologists (particularly Rabl and Boveri) which led to the concepts of the polarity and stationary nature of the chromosome during interphase (Wilson, 1925) and to which attention has been called periodically (Grell, 1969) take on an added importance as reports become available from several disciplines which leave no doubt that there is an organisation and probably a topographical pattern to the interphase nucleus. That the former is part of the genotype and the latter yet another phenotype now seems obvious. It is not unexpected that species and other differences may exist at the genotypic level.
Our conclusions from the maize translocations are compatible with a model containing the features proposed by Evans (1961) in which the centromeres are attached to a limited area of the nuclear membrane, thereby accounting for the unexpectedly high centromere-centromere exchanges, with the telomere regions likely attached to the membrane at some point remote from the centromeres and with a greater mutual spatial separation between them than in the case of the centromeres. Jancey (1975) has been able to show on a purely statistical basis that the centromeres and adjoining 5 s segment classes from the maize data are markedly grouped irs a Principal Components Analysis, quite reminiscent in illustrative fashion of a polarised nucleus.
The excess of reassociations involving centromeres only and the excess involving interstitial segments of similar length lends itself to the simulation of a nucleus in which the arms radiate from the centromere attachment area in an extended, near linear, manner rather than in a highly intertwined matrix. In such a model, overlappings, particularly in the intercalary regions and occasional intercalary attachment sites (heterochromatic knobs?) to the nuclear membrane, would be expected. Such an arrangement is similar to that conceived necessary to account for the affinity distances of somatic metaphase chromosomes described by Horn and Walden (1976) .
